Distribution and metabolism of fluorescent sphingosines and corresponding ceramides bearing the diphenylhexatrienyl (DPH) fluorophore in cultured human fibroblasts.
Fluorescent D-erythro-sphingosines bearing the diphenyl-1,3,5-hexatrienyl group (DPH) as fluorophore were synthesized for the first time. Two isomers, the DPH-4(E)- and DPH-4(Z)-sphingosine [(2S,3R)-2-amino-6-(p-(18-phenyl)-13,15,17(E,E,E)-hexatrienyl)phenylh ex- 4(E/Z)-en-1,3-diol], and the N-hexanoyl derivative of DPH-4(E)-sphingosine (C6-DPH-ceramide) were studied for their distribution and metabolism in cultured human skin fibroblasts. Both DPH-sphingosines (4-trans and 4-cis) were not significantly acylated to ceramide in living cells, but converted to ceramide in vitro by microsomal protein from mouse brain, although slower than natural D-erythro-sphingosine. DPH-4(Z)-sphingosine showed the same Km like D-erythro-sphingosine (155 microM), but had a lower Vmax value, 0.85 instead of 1.9 nmol/mgh. An even poorer substrate was DPH-4(E)-sphingosine with a Km of 220 microM and a Vmax of 0.81 nmol/mgh. In cultured human fibroblasts, C6-DPH-ceramide was rapidly anabolized mainly to sphingomyelin. In addition, small quantities of glucosylceramide were also formed. DPH-sphingosines were easily incorporated into plasma membranes of cultured fibroblasts and are likely to undergo flip flop since intracellular membranes also became labeled, when endocytosis was blocked at low temperature (7 degrees C). The N-hexanoyl-DPH-trans-sphingosine, C6-DPH-ceramide, like NBD-C6-ceramide (Lipsky, N. G., R. E. Pagano: Science 228, 745-747 (1985)) labeled intracellular membranes at 7 degrees C and predominantly Golgi membranes at 37 degrees C. Like NBD-C6-ceramide (Pagano, R. E., M. A. Sepanski, O. C. Martin: J. Cell Biol. 109, 2067-2079 (1989)) the C6-DPH-ceramide also stained the Golgi complex in prefixed cells whereas DPH-trans- and DPH-cis-sphingosine did not, indicating that it is the ceramide structure rather than the fluorophore itself which is responsible for this staining. DPH-sphingosine opens a way for chemical synthesis of DPH-glycolipids and DPH-sphingomyelin which would well serve as donors in fluorescence energy transfer experiments to study possible sphingolipid clustering in biological membranes.